INTRODUCTION
Clostridium difficile is the most important nosocomial pathogen recognized globally as an enteric pathogen responsible for antibiotic-associated diarrhea (AAD) and colitis. It is a significant cause of morbidity and mortality among hospitalized patients, and the incidence of C. difficile infection (CDI) has dramatically increased due to frequent usage of broad-spectrum antibiotics in these patients. Recent reports estimate the prevalence of CDIs as 20%-30% and in India as 15%-20% in patients taking antibiotics. [1, 2] CDI is associated with a mortality rate of 25% in the elderly people, [2] and at present, the all-cause mortality at 30 days is found to be 15% or greater. [3] Antibiotic therapy alters the colonic microflora with multiplication of C. difficile and production of toxins involved in the pathogenesis of CDI. It has been reported that 3%-5% of healthy adults are asymptomatic carriers reflecting natural immunity [4] due to the widespread use of antibiotics.
E m e r g e n c e o f B I / N A P 1 / 0 2 7 , [5] a hypervirulent strain along with indiscriminate use of antimicrobials, and inadequate infection control measures in hospitals are the reasons primarily responsible for the increased incidence of CDI in recent years. The wide variation in the spectrum of clinical manifestations of CDI makes the diagnosis difficult. Further, the wide range of variability in the sensitivity and specificity of the various diagnostic methods and the high cost of these methods add to the difficulty in diagnosis. Despite various researches and development of infection control measures, researchers and clinicians have reported increases in the incidence and severity of CDI in recent years. Although CDI has been well studied in developed countries, there is a paucity of data regarding C. difficile-associated diarrhea in South India, especially in Puducherry where there are no studies to our knowledge. Hence, this study was conducted to study the prevalence of CDI in our population.
MATERIALS AND METHODS

Study design
A sample size of 150 people was included in this study, which was conducted in the Department of Microbiology and Medicine at Mahatma Gandhi Medical College and Research Institute, a tertiary care teaching hospital in Puducherry, for a period of 20 months. All hospitalized patients with diarrhea, those who presented to medicine outpatient department with diarrhea and had a recent history of exposure to antibiotics and/or antiulcer drugs, and all patients with inflammatory bowel disease were included in this study. Patients with formed stools and those who had received partial or complete treatment for CDI were excluded from this study.
Sample collection
Stool samples were collected from all patients with diarrhea, i.e., watery, loose, or nonformed stools (taking the shape of the container) and having a history of antibiotic therapy or chemotherapy during the last 6 weeks or a previous diagnosis of C. difficile. All the samples were previously unevaluated stool specimens. The samples were collected in a clean, dry disposable container. Only freshly taken specimens were processed, and if the tests could not be performed immediately, they were kept at 4°C-8°C until processing.
Sample processing
Stool culture was done by inoculating the samples into MacConkey agar, Sorbitol MacConkey agar, and Deoxycholate Citrate agar plates (Hi-Media, Mumbai, India) and incubating at 37°C overnight. Any nonlactose-fermenting colony was processed further by standard laboratory methods to rule out other causes of diarrhea. Stool wet mount was done for the presence of any helminthic egg or protozoa. Fecal leukocyte test (FLT) was done by methylene blue staining for the presence of white blood cells (WBC's) being noted. FLT was taken as positive if fecal leukocyte was ≥1 or ≥5 WBC/hpf.
Detection of toxins
The test was done using C. Diff Quik Chek Complete ® (TECHLAB, Blacksburg, VA, USA), a rapid membrane enzyme immunoassay for simultaneous detection of C. difficile glutamate dehydrogenase (GDH) antigen and toxins A and B using specific antibodies in a single reaction well. Using the manufacturer's instructions, the tests were performed, and the results were interpreted.
Statistical methods
Percentages were calculated for categorical variables. Means and standard deviations were calculated for numerical variables. Continuous variables were compared using Student's t-test for normally distributed variables. The Chi-square test and Fisher's exact test were used to compare two groups. Univariate analysis was used to study the risk factors for the disease. We confirmed the results of univariate analysis with logistic regression analysis using statistics software (SPSS 16.0, SPSS Inc., Chicago, IL, USA). This was necessary to avoid producing spuriously significant results with multiple comparisons. A stepwise approach was used for entering new terms into the model, with 0.05 as the limit for their acceptance or removal. Results of the logistic regression analyses are reported as estimated odd ratios with their 95% confidence intervals. All P < 0.05 were considered statistically significant and were based on univariate analysis.
RESULTS
A total of 150 patients suspected to have AAD were included in this study. The mean age of the study patients was 45 93 ± 16 65 (range, 5-82). Of the 150 patients, 89 (59 3%) were male and 61 (40 7%) were female [ Figure 1 ]. The maximum number of suspected cases of CDI were from general surgery (54 cases, 36%), followed by general medicine (33, 22%), Medical Intensive Care Unit (22, 14 7% ), Intensive Care Unit (ICU) (16, 10 7%), and others [ Table 1 ]. About 16% (24/150) were positive for GDH, and 4% (6/150) were positive for both C. difficile toxin and GDH. Most of the toxin-positive patients were between 51 and 60 years of age, and there was equal distribution between both the sexes. Two of the six toxin-positive cases were from ICU (33 3%) and one case each in general surgery, general medicine, orthopedics, and urology (16 67%) [ Figure 2 ].
The univariate analysis done for comparison of antibiotics used in patients positive and negative for GDH is shown in Table 2 . It showed that exposure to doxycycline was associated with 4.7 times increased risk of colonization/infection by C. difficile as suggested by GDH positivity [ Table 2 ]. Logistic regression analysis was performed for confirmation of the findings of univariate analysis [ Table 3 ].
Figure 1: Age and gender distribu on of total pa ents
In this study, a total of 95% of the analyzed group were on multiple antibiotics which included cephalosporins (86%), fluoroquinolones (26%), aminoglycosides (39 3%), penicillin group (12 7%), tetracycline group (5 3%), macrolides (3 3%), metronidazole (92 7%), and vancomycin (6 7%). Even though majority of our patients were given third-generation cephalosporins, exposure to doxycycline was associated with increased risk of colonization/infection by C. difficile. None of the toxin-positive patients were on clindamycin.
DISCUSSION
The incidence of C. difficile-associated diarrhea in hospitalized patients ranges from 3% to 29%. [2, [6] [7] [8] Most previous studies about CDI in India have shown prevalence rates ranging from 7.1% to 26.6%. [6, 9, 10] The prevalence of CDI in our study was found to be 4% [ Table 4 ], which was low, when compared to the observations made in several other studies from India. However, it was consistent with studies done by Ozaki et al., [10] Bashir et al., [12] and the findings of Chaudhry et al. [10] that there was a decrease in CDI prevalence during a 5-year retrospective study though the number of stool specimens tested increased. The reason for the low prevalence may be due to the small population studied and may also be attributed to stringent surveillance and an improved antibiotic policy adopted in our hospital.
Most of the patients studied were between the age group of 50-60, and more number of toxin-positive cases (3 of 6 cases) were from this age group, which was consistent with the study done by Vishwanath et al. [8] Although advanced age ≥60 years was a well-known risk factor associated with CDI due to various factors such as increased use of antibiotics in these patients and presence of several predisposing factors such as severe underlying diseases, comorbid conditions, and senescence of immunity. [1, 2, [17] [18] [19] [20] CDI has been reported to be more common in women [21] though various studies from India have reported varying male to female ratios. [13, 15, 22] In our study, out of the six toxin-positive cases, three (50%) were male and three (50%) were female. This is in accordance with the study done by Chaudhry et al. [10] Two of the six toxin-positive cases were from ICU (33 3%) and one case each in general surgery, general medicine, orthopedics, and urology (16 67%) . This points to the high-risk areas for nosocomial spread of C. difficile isolates and the widespread usage of antibiotics in these wards. [1, 16] The patients who developed CDI in the present study were admitted for various clinical disorders. Most predominant primary diagnosis for the patients admitted during the study period was intra-abdominal diseases and infections followed by CNS infections, deep-seated infections, respiratory disease, joint disorders, cardiovascular disease, obstetric conditions, [10] 4 Bashir et al. [11] 4.3 Patel and Desai [12] 5.9 Chaudhry et al. [9] 7.1 Garcia et al. [13] 12.9 Ingle et al. [5] 17 Gogate et al. [14] 18 Our study malignancies, urological conditions, neurological disorders, poisoning, and trauma. [23] There was no significant association between the occurrence of CDI and the primary diagnosis of the patients.
CDI was found to be frequently associated with cephalosporins, clindamycin and broad-spectrum penicillins, and quinolones. [17, [23] [24] [25] In this study, a total of 95% of the analyzed group were on multiple antibiotics which included cephalosporins (86%), fluoroquinolones (26%), aminoglycosides (39 3%), penicillin group (12 7%), tetracycline group (5 3%), macrolides (3 3%), metronidazole (92 7%), and vancomycin (6 7%). Azithromycin was found to be of 2.6 times and third-generation cephalosporins with 1.1 times greater risk of CDI as suggested by GDH positivity. Even though majority of our patients were given third-generation cephalosporins, comparison of these antibiotics by univariate analysis showed that exposure to doxycycline was associated with 4.7 times increased risk of colonization/infection by C. difficile as suggested by GDH positivity [ Table 2 ]. Our finding was not consistent with all the studies that have shown tetracyclines to have a protective effect against C. difficile. This may be due to the small sample size and less number of toxin-positive cases and needs further evaluation. However, the findings were consistent with those reported by others in relation to the role of the antibiotics in increasing CDI incidence rates in hospitals. [23] Further, the association between CDI and the implicated antibiotic depended on the prevailing antibiotic usage in the various hospital settings.
Metronidazole is suggested as the first-line drug for the treatment of CDI, [25] and in our study, five of six toxin-positive patients were treated with metronidazole and one case responded to vancomycin. The clinical practice guidelines update by the Society for Healthcare Epidemiology of America and Infectious Diseases Society of America suggest that metronidazole be the drug of choice for the initial episode of mild-to-moderate CDI, and vancomycin be used for initial episode of severe CDI. [25] Therefore, the policy of the use of metronidazole in the treatment of suspected CDI in our hospital is justified.
CONCLUSIONS
Based on the results and the methodology employed, we have concluded that the prevalence of C. difficile toxin positivity was found to be 4%. More toxin-positive cases were between 50 and 60 years of age, and there was no difference in gender. ICU showed more toxin-positive cases, thus pointing to the high-risk areas for nosocomial spread of C. difficile isolates and the widespread usage of antibiotics in this ward. However, there was no significant association between the occurrence of CDI and the primary diagnosis of the patients.
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